Purpose To investigate the prevalence of and factors associated with dysfunctional low back pain (LBP) in patients with rheumatoid arthritis (RA). Methods This cross-sectional study included 1276 RA outpatients from two hospitals. The Roland-Morris Disability Questionnaire was used to address the functional-dysfunctional state criterion. Clinical variables, such as medical status, disease activity, bone mineral density, and spinopelvic alignment parameters, were compared between patients with and without dysfunctional LBP. Results Mean age and disease duration were 64.6 and 13.4 years, respectively; the prevalence of dysfunctional LBP was 32.8%. On univariate analysis, significant differences existed in many variables, except sex, body weight, C-reactive protein (CRP) level, and prevalence of biological agent users, between patients with and without dysfunctional LBP. Multivariate logistic regression analysis revealed body mass index (BMI; odds ratio [OR], 1.116; P < 0.001), onset age of RA (OR, 1.020; P = 0.020), disease duration of RA (OR, 1.043; P < 0.001), methotrexate (MTX) use (OR, 0.609; P = 0.007), vertebral fractures (OR, 2.189; P = 0.001), vertebral endplate and/or facet erosion (OR, 1.411; P = 0.043), disease activity score (DAS) in 28 joints-CRP (DAS-28CRP) (OR, 1.587; P = 0.001), pelvic tilt (PT; OR, 1.023; P = 0.019), and sagittal vertical axis (SVA; OR, 1.007; P = 0.043) as associated factors. Conclusion The factors associated with dysfunctional LBP in patients with RA were more vertebral fractures, higher DAS-28CRP, vertebral endplate and/or facet erosion, higher BMI, longer disease duration, greater PT, older onset age, greater SVA, and less MTX use. Strictly controlling patients' body weight and disease activity with MTX and avoiding spinopelvic malalignment through vertebral fracture prevention are important.
Introduction
It is estimated that 15%-20% of adults experience low back pain (LBP) during a single year and 50%-80% experience at least one episode of LBP during a lifetime [1] . Most LBP cases are nonspecific; however, in approximately 10% of cases, a specific cause is identified [2] . Studies showed that LBP was associated with disability and quality of life (QOL) [3, 4] . Rheumatoid arthritis (RA), the most common inflammatory disease, affects ≥ 1% of the world's population [5] . Although the prevalence, characteristics, natural course, and therapy of cervical lesions of RA have been reported and clarified because of their clinical importance, thoracolumbar lesions in RA have attracted less attention [6] [7] [8] [9] . Studies have reported a higher prevalence of LBP with RA and indicated radiographic findings, disease activity of RA, and psychological factors are associated factors [10] [11] [12] . However, LBP in RA patients has not been evaluated in terms of lumbar function in these studies.
Assessing the dysfunctional status caused by LBP in RA patients is imperative. The present study aimed to clarify the prevalence of and the factors associated with dysfunctional LBP in RA patients based on the functional-dysfunctional criterion for LBP.
Materials and methods

Study design
This cross-sectional study was approved by an institutional research ethics board; we enrolled RA patients from the outpatient clinics of Nagaoka Red Cross Hospital and Niigata University Hospital. All patients provided written informed consent before the enrollment.
Patients
From August 2015 to March 2016, we recruited patients diagnosed with RA according to the revised American College of Rheumatology 1987 criteria [13] . The inclusion criteria were (1) available whole spinopelvic anteroposterior and lateral radiographs of standing position and (2) completion of the questionnaire on their own.
The exclusion criteria were (1) previous spine surgery and (2) inability to stand without assistance. In total, 1449 patients were initially enrolled. Of these patients, 173 were excluded because of the aforementioned criteria. Finally, 1276 patients were included.
Roland-Morris Disability Questionnaire and definition of dysfunctional LBP definition
The Roland-Morris Disability Questionnaire (RDQ) [14] was used to determine dysfunctional LBP. This self-reported outcome measure was translated and validated in Japanese in 2003 [15] . Stratford et al. [16] indicated that a threshold of > 4/24 RDQ points provided a reasonably accurate classification LBP of patients as functional or dysfunctional. Hence, we defined dysfunctional LBP as ≥ 5 RDQ points. 
Clinical assessment
Radiological assessment
The radiographical technique for measuring spinopelvic parameters was standardized as reported by Oe et al. [17] . Digital radiographs were transferred as digital imaging and communications in medicine data to a computer and measured using Surgimap Spine (Nemaris Inc., NY, USA). The measured parameters in the radiographs were as follows: (1) Cobb angle of coronal curvature; (2) pelvic tilt (PT: angle between the line connecting the midpoint of the sacral plate to the femoral head axis and the vertical axis); (3) pelvic incidence (PI: the angle between the line perpendicular to the sacral plate at its midpoint and the line connecting this point to the axis of the femoral heads); (4) pelvic incidence minus lumbar lordosis (PI-LL); and (5) sagittal vertical axis (SVA: the distance between a plumb line from the center of the C7 vertebral body and posterior superior corner of sacrum). Spondylolisthesis was assessed anteroposteriorly and laterally on radiographs. Slip measurements according to Meyerding Grading Scale Grade 1 were considered to indicate spondylolisthesis [18] . Vertebral fracture was assessed with lateral radiographs of the thoracolumbar spine and diagnosed by a semiquantitative visual method [19] . Scoliosis was defined as a coronal curvature of ≥ 10° on anteroposterior radiographs. Intervertebral and/or facet erosion was defined according to the definition of Kawaguchi et al. [10] . Dual-energy X-ray absorptiometry of the hip joint was performed to evaluate bone mineral density (BMD) using a Hologic QDR 4500 (Hologic, Waltham, MA, USA) with the patient in a supine position.
Radiological measurements were reviewed by two experienced orthopedic spine surgeons blinded to the clinical data. To evaluate the measurements' reliability, all patients underwent measurements twice by the first (K.M.) and second (O.M.) authors. Interclass correlation coefficient values for the intraobserver and interobserver errors were 0.926-0.976 and 0.851-0.964, respectively, in all valuable measurements. Consequently, the measurement methods were considered reliable.
Statistical analysis
Baseline patient data were expressed as mean ± standard deviation (continuous variables) or as the number (percentage; categorical variables). Data were stratified by the presence of dysfunctional LBP (RDQ > 4). We used the unpaired t test for continuous variables and Chi-square test for categorical variables to examine difference between patients with and without dysfunctional LBP. To assess the independent factors associated with dysfunctional LBP, multivariate logistic regression analysis was performed using variables that had P < 0.10 on univariate analysis. All statistical analyses were performed using SPSS version 22.0 (IBM-SPSS, Inc., Chicago, IL, USA). P < 0.05 was considered statistically significant.
Results
Demographic and clinical features of patients are listed in Table 1 . Mean age was 64.6 years (men 19.4%). Mean age of onset and mean disease duration were 51.1 and 13.4 years, respectively. Mean BMI was 22.5 kg/m 2 . A total of 21.5%, 73.6%, and 32.1% of patients had been treated with corticosteroids, MTX, and BIO, respectively. Moreover, 27.1% had undergone joint surgery for RA. Prevalence of scoliosis, vertebral fractures, spondylolisthesis, and endplate/facet joint erosion was 35.3%, 13.8%, 21.1%, and 36.3%, respectively.
Dysfunctional LBP occurred in 419 of the 1276 patients (prevalence 32.8%). On the univariate analysis, dysfunctional LBP patients were older (P < 0.001) and shorter (P < 0.001), had higher BMI (P < 0.001), had older age of RA onset (P = 0.001), had longer disease duration (P < 0.001), and had higher CRP level (P = 0.017). Patients with dysfunctional LBP more frequently used corticosteroid (P < 0.001) and less frequently used MTX (P < 0.001). Patients with dysfunctional LBP had a more frequent history of joint surgery (P = 0.001). DAS-28CRP was significantly higher in patients with dysfunctional LBP than in those without it (P < 0.001). Prevalence of thoracolumbar lesions (scoliosis, vertebral fractures, spondylolisthesis, and endplate and/or facet erosion) was significantly higher in dysfunctional LBP patients (P < 0.001, 0.001, 0.001, and 0.001, respectively). All values of spinopelvic parameter values were significantly worse in dysfunctional LBP patients (P < 0.001). BMD was significantly lower in dysfunctional LBP patients (P < 0.001).
Multivariate 
Discussion
Rheumatoid granulomatous nodule of the lumbar spine was reported for the first time as a lumbar lesion with rheumatoid arthritis by Baggenstoss et al. [20] . Then, disk narrowing without osteophytes, spondylolisthesis, facet joint erosion, and osteoporosis were indicated to be distinct radiological features of the lumbar spine in RA patients [21] . Previous reports have also demonstrated a higher prevalence of LBP associated with the aforementioned lumbar lesions in RA patients [12, 22] . In addition to their peripheral joint lesions, RA patients with LBP had a significantly higher degree of disability and lower quality of life than did those without LBP, as shown by Kothe et al. [12] . Baykara et al. [22] also indicated that the association of RA with LBP causes a significant decrease in patients' functional capacity and QOL. However, these reports have not mentioned the threshold value to classify LBP patients as functional or dysfunctional. It is important to clarify the factors associated with dysfunctional LBP based on the clear threshold value of dysfunctional LBP in RA patients. Stratford et al. estimated a threshold target RMQ value that could be used to classify 143 patients with LBP as functional or dysfunctional and found that a threshold value of 4 RMQ points provided a reasonably accurate classification of patients [16] . Its sensitivity and specificity for a threshold score of 4 were 94% and 69%, respectively.
The present study demonstrated that the prevalence of dysfunctional LBP in 1276 Japanese RA patients was 32.8%. To our knowledge, this is the first report that clarified the prevalence of and the independent factors associated with LBP that contribute to dysfunction in RA patients determined using health-related QOL measure. Concerning the aforementioned threshold of functional LBP using RDQ, the prevalence of dysfunctional LBP in the general Japanese population (mean age, 53.4 years) was reported to be 15%-20% [23] . Thus, the prevalence of dysfunctional LBP in RA patients may be higher than that of dysfunctional LBP in the general population.
On the multivariate analysis, vertebral fractures, DAS-28CRP, endplate and/or facet erosion, BMI, duration of RA, PT, age of RA onset, SVA, and MTX were the independent factors associated with dysfunctional LBP. Vertebral fractures had the greatest OR among the factors influencing dysfunctional LBP in this study. Kuroda et al. [24] indicated that back pain was significantly associated with osteoporosis in 899 Japanese postmenopausal women with RA. Omata et al. [25] demonstrated that vertebral fractures were associated with reduced functional status in 200 postmenopausal RA patients. Furthermore, PT and SVA were also associated with dysfunctional LBP in this study. Sagittal spinopelvic parameters (SVA and PT) and mismatch between LL and PI (PI-LL) have strong correlations with disability and QOL of adult patients with spinal deformity [26] . Yokoyama et al. [27] reported that patients with vertebral fractures had significantly longer SVA than did their healthy counterparts. Thus, vertebral fractures themselves and spinopelvic malalignment with or without vertebral fractures might deteriorate QOL with back pain and lumbar dysfunction. DAS-28CRP and endplate/facet erosion were other factors associated with dysfunctional LBP following vertebral fractures in terms of odds ratio in this study. In a Japanese cross-sectional study of RA patients, Yamada et al. [11] demonstrated that the factor most strongly associated with severe LBP was a high DAS28, and they hypothesized that inflammatory response in lumbar spine secondary to high RA activity results in severe LBP. van der Heijde et al. [28] suggested that greater radiographic damage and progression correlate with a higher degree of disability in RA patients. Kawaguchi et al. [10] analyzed the radiological findings of the lumbar spine and clinical symptoms in 106 RA patients: 42 patients (40%) had symptoms of LBP, and endplate erosion was observed. Dysfunction with severe LBP might be associated with high disease activity and erosion.
Obesity is an important independent predictor of back pain [29] , and a similar result was obtained in RA patients in this study. Late onset of RA was associated with dysfunctional LBP. Tan et al. [30] analyzed 1206 RA patients and described that elderly onset RA patients had a higher number of RA-related comorbidities and poorer functional status than their counterparts. Ruban et al. [31] showed that late-onset RA patients have greater disease activity that may contribute to disability early in the disease course. These differences in clinical characteristics between young and elderly onset of RA can affect lumbar function.
Disease duration and MTX use were independent associated factors, whereas age was not, suggesting that pathological changes in lumbar spine by RA are more responsible for dysfunctional LBP compared to degenerative changes by aging. The mean disease duration of the dysfunctional LBP group was 15.7 years, indicating that the mean onset time of RA was from 1999 to 2000; these years were timed to coincide with MTX initiation for RA in Japan. Thus, patients with dysfunctional LBP might have less chance to be treated with MTX at the onset of RA compared to those without dysfunctional LBP. Although initial treatment in each patient could not be surveyed in this study, patients with dysfunctional LBP less frequently used MTX when this study was conducted. Therefore, strict disease control from the early-onset period of RA using MTX might be important in preventing dysfunctional LBP. Moreover, those patients without MTX treatment at disease onset could receive corticosteroid more frequently, resulting in increased vertebral fracture risk.
This study has several limitations. First, we did not evaluate the influence of psychological factors. Among the various complications of RA, depression is the most common, affecting approximately 15% of RA patients [32] . Studies have indicated the independent relationship between depressive symptoms and decreased general physical or mental health (QOL) in RA patients [33, 34] . Kothe et al. [12] reported a significantly higher degree of disability and depression in RA patients with LBP than in those without LBP. LBP is an important factor for the physical and psychological behaviors of RA patients. Second, we evaluated the surgical history of joints but not the joint lesions and lower extremity alignment. Several studies indicated that hip lesion and leg length alignment had played an important role in the occurrence of LBP in non-RA patients [35] [36] [37] . RA affects all synovial joints, causing painful swelling that can cause bone erosion, joint deformity, and malalignment. Third, the dysfunctional threshold of RDQ > 4 was provided by a report in the general population, not in RA patients. Thus, it is unknown whether this criterion is applicable to RA patients.
In conclusion, this study revealed that the factors associated with dysfunctional LBP in RA patients were more vertebral fractures, higher DAS-28CRP, vertebral endplate and/or facet erosion, higher BMI, longer disease duration, greater PT, older onset age, greater SVA, and less MTX use. The dysfunctional LBP in RA patients was considered to be influenced by multiple factors. Strict control of the body weight and disease activity in RA patients with MTX and avoiding spinopelvic malalignment by preventing vertebral fractures are important.
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